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ROFESSOR A, A, MICHELSON, of

P the University of Chicago, has

ruled 120,000 perfectly straight

and parallel lines on a piece of metal
G inches by 2 Inches in area.

This piece of metal Is callea a dif-
fraction grating, and its purpose is to
split & ray of sunlight into the greatest
number of shadesz of color ever seen. It
is the basic part of the largest and most
perfect speclroscope ever constructed.

The spectroscope, as most of us know,
is an instrument that enables one to see
the different colors of which a ray of
sunlight is composed. In the simplest
form of speetroscope the ray is split up
by passing through a glass prism. In
Professor Michelson’s instrument it is
split up bv the lines on the diffraction
gratiog.

The colors composing a ray of white
sunlight are commonly stated to range
from red at one end through orange,
vellow, green, blue aud indigo 10 violet
at the other end. Before the red end of
the spectrum are the invigible infra-red
rays, and beyonud the violet end are the
invisible ultra-violet ravs. The visible
speetrnm is divided into an infinite num.
her of shades of color, and the value of
Professor Michelson's fnstrument is that
it measures 1the iargest number ol these
gliades so far observed. The colors in-
dicate the nature and proportions of the
metals and  incandescenl materials of
which the sun is composed, and reveal
other facts about the condition of the
luminary. The spectroscope is our prin-
cipal means of studying the nature and
composition of the sun, the source of all
Hire and light., The new observations
which Professor Michelson makes with
his speciroscope are, therefore, in the
ruest sense, messages from the sun.

The work of ruling 120,000 lines on ¢
plate 6 inchies by 4 inches is probabls
the most laborious and delieate task
ever carried out. These lines are exactly
one eleven-thousandth equidistant from
one another and they are perfectly par-
allel. So accurate iz the paralleling of
these lines that il any two of them were
extended tor a mile there woulil not he
n millionth part of an ineh variation
from the parallel

Jue ol the remarkabie uses of this
spectro=cope is that it will measure the
difference hetween the wave lengihs of
varions colored rays down o a millionth
part of a centimetre, or one three- mil-
tionth of an inch, recording colors that no
inan eve ever saw. By means of pho-
tpgraphic plates many facts  will he
jearned from the spectroscope that the
eve cannot detect,

The old original prismatic spectro-
scope scparated a ray of light crudely
into seven so-called primary colors—red,
orange, vellow, green, indigo, hlue and
violet.  The difiraction grating will split
the ray into 120,000 different shades of
vaolor.

How fto draw the lines on the grating
was a greal problem, apart from the tre.
mendous labor involved. Several failures
were made before a satisfaclory method
of doing the work was reached. The
hnes are drawn by a diamond point, and
it had to be done so delicately that there
was not the devialion of the hreadth of
a diamond point between any two of the
120,000 lines,

IHHow to space them accurately was
ane of the greatest dilficulties to he over.
come.  Professor Michelson tried to Jdo
this al first by placing his grating in a
mereury bath. Ile would draw one line
and then place the grating edgewise in
the mercury bath. Then a measured
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drop of mercury was added, so as to raise
ihe whele mercury surface a given ex-
cessively small degree. At the spot in-
Jdicated by the mercury he would rule
his next line. Then the plate was re-
turned to the bath again and a new drop
of mercury added, This process had to
be repeated over and over again thou-
sands of times,

But before he had gone very far the
professor found that this method was
not satisfactory. The reason was ihat
It was ilmpossible 10 measure the mer
cury drop with sufficient accuracy. Of-
course, he took the precaution to work
always at the same temperature, so that
there might be no variation in the size
of the mercury drop, but it seeme pos-
sible that some inealculable variation
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New Scientific Discoveries Made

Possible by the Amazing Labor of
Prof. A. A. Michelson in Draw-

- ing 120,000 Perfectly Parallel
Lines on a Litile Piece of Metal.

Three-Inch Piece
of Metal, Con-
taining 120,000
Lines, Held in
Suspension
Ready to Be
Viewed Through
the Spectro-
scope. TheLines
on This Piece of
Metal Are Known
As “The Diffrac-
tion Grating.”

Professor Michelson Observing the Diffraction Grating Through the

of the slit, ranged in order and partially
over-lapping.

The analysis or decomposition of (he
beam is due to the different relfrangi-
bilities of the component rays, the violet
being the most refrangible and the red
the least. Besides the visible color rays,
the spectrum contains thermal or heat-
ing rays and chemical or actinic rays,
which are not visible Lo the eve.

The heating effect of the solar spec-
trum increases in going from the violet
to the red, and still continues to increase
for a certain distance beyond the visible
spectrum al the red end, while the chem-
fcal aclion i3 very faint in the red, sirong
in the blue and violet, and sensible to a
considerable distance beyond the violet
end. The actinie rays heyond the violet
may be rendered visible by throwing
them upon a surface treated with some
fluorescent substance,

Besides this band of different colors,
a pure solar spectrum will be found to
possess a number of dark Tlnes, which
cut through it perpendicularly. ‘These
lines were firat discovered by Wollaston,
and were carefully studied by Frauen-
hofer and called after him Frauenhofer's
lines. The lines are always to he found

on the same spot and serve to in-
dicate the exact places on the scale
aof color. For instance, if we use
the term blue in the spectrum, this
is naturally vague and incomplete,
but by iIndicating the line on
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from this cause may have slipped in,

After a greal many trials and calcu-
lations he solved the problem of making
perfectly parallel lines by a screw of ex-
quisitely delicate thread. This was con-
structed so that by turning it the plate
to be ruled was pushed forward one
eleven-thousandth of an inch. There was
still an infinitesimal error in the accuracy
of the screw, When a screw, as near
1o perfect accuracy as possible had been
constructed, then by careful experiment
and mathematical calenlation, the per-
centage of error of the screw was dde-
termined and the error correctoed for each
ol the lﬂll_hm‘a lines that were drawn.

IFor o century men have tried and
failed to cover as many inches with cor-
rectly drawn parallel lines as the Amer-
ican scientist has done. He himself
worked on the problem for upwards of
twelve yeurs. Sometimes he would cover
several inches with infinitesimal Hnes
before he discovered the fatal error. Then
he had to begin all over again.

It is stated that he hopes to construct
an even more closely ruled diffraction
grating in time,

The more highly this instrument is per-
fected the more we shall know of vari-
ous conditions such as the weather that
depend on changes in the sun.

“I am glad to say I have flnished this
grating.” said PI'rofessor Michelson at his
home in Chicago the other day. . “Il was
very difficuli-——so many chaneces of error,
you know, and error is fatal. Of conrse
it has much higher resolving power than
any of the smaller gratings that have
been used in the past. I have been work-

ing twelve years to accomplish this.
Many times 1 have made beginnings that
were all right, bul after ruling & hundred
lies or so one wonld g0 wrong—and then
there is nothing to do but siarl all over
again. It tries one's patience,”

I'rofessor Jichelson's work has been
conducted at the Rverson Laboratories
at the University of Chicago. IHe has u
specially’ construeted dark room in the
basement of s building where much ot
the work has been done.

In order to have some slight concep-
tion of the importance of Professor Mich-
elson’s work it is necessary lo under-
stand the rudimentary principlos of the
science  of the spectroscope and the
spectrum. A ray of white sunlight is
composed of an infinite series of rays
of different wave-lengths. 1t is the wave-
lengths that constitute the different
colors. When all ihe colored ruys are
mixed together {he result is a pure white
ray, but when the wave-lengths are sep-
araled they have literally all the colors
of the rainbow. The image produced by
the separation of (he white ray into all
its colors is called a spectrum,

Now the basic idea of the spectroscope
is to turn a ray of light from its path
by refraction or diffraction. As it
changes its path, the different wave
lengths turn at a different angle and in
a reflection you see an image of all ol
them separalely, that is of an infinite
series of colors, instead of a plain spot
of white sunlight.

Different kinds of light have different
spectra. A burning hody shows that it
is burning by lines in its spectrum, 1t
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was first proved that the sun was a burn.
ing body by means of the spectroscope.
The stars show a spectrum different from
that of The sun, while the planets have
a similar spectrum. Hence the planels
nst obiwin their light from the sun
while the stars are independent.

In o common spectroscope the strip
formed on a screen by the beam of light,
as of the sun, is received through a nar-
row slit and paszed through a glass
prism, being thus decomposed or sep-
arated info its constituent rays. This
oblong strip consists of a number of col-
org, shading imperceptibly into one n-
other, from red at one e, through
orange, yellow, green. blue. indigo, to
violet at the other. The sirip seen is
formed by an indefinite number of images

the spectrum in which this color is found
no difficulty will arise. For this purpose
Frauenhofer gave cerlain charncteristic
names to the line, which he indleated by
letters. A certain line in the red he
called A, another in the yvlln\y D, and
80 on.  As, however, these llnes number
some thousands a further subdivision
of the letters was necessary Lo indicate
them all,

In order to properly undersiand these
lines it is necessary to remember five
important (hings. 'These are:  Firstly,
al incandescent solid or Hguid body gives
OuL a continuons spectrum: secondly, an
incandcscent gaseons body gives out a
discontinuous spectrum consisting  of
bright lines; thirdly, each element, whey
in the state of an incandescent gas, gives
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out lines peculiar to itsell; fourthiy, it
the light of an incandescent solid or
liquid passes through a gaseous hody,
certain of its rays are absorbed and black
lines in the spectrum indicate the nature
of the substance which absorbed the
ray: fifthly, each element, when gasecous
and Incandescent, emits bright rays iden-
tical In color and position in the spectrum
with those which it abscrbs from light
transmitted through it.

The spectrum of sodium, for instance,
shows two bright lines which correspond
In position with the double black line at
D (the sodium line.) Now, applying these
principles Lo the solar spectrum, investi-
gators found, from the nature and po-
sition of the rays absorbed, that its light
passes through hydrogen, polnssium,
sodium, caleium, barium, magnesium,
zine, iron, chromium, cobalt, nickel,
copper and manganese, all in a state ot
gas amd constituting part of the solar en-
velope, whence they conclude that these
bodies are present in the substance of
the sun itsif, from which they have been
volatilized by heat.

The incandescent vapor of each ele-
mentary substance has a characteristic
spectrunt consisting of fixed lines, which
never changes. Specarum analysis, as
this is called, furnishes the chemist with
an exquisitely delicate test to enable him
to detect Lhe presence of'minule guan-
itities of elementary bodies. For instance,
by heiting any substance until it becomes
gaseous and incandescent, he is able by
means of the lines to read off from the
spectrum the various elements present
in the vapor. By this means several new
elements have been discovered.

Photography has been of very great
assistance to the spectroscopist by the
means it has given him of not only mak-
ing rapid and correct representation of
the spectrum lines, but also in showing
him & number of lines of very great im-
portance situated in the nltra-violet parts
of the spectrum, and which are totally
invisible to the aye.

Protessor Michelson has long been
known as one of the most distinguished
ol American scientists. In 1907 he re-
cefverd the Nobel science prize, a sum of
#40.000, for his researches into the nature
of light. This is generally regarded as
the highest international honor paid to
scientists al the present time. It has
bern given to such men as Professor
RRoentgen, the discoverer of the Noentgen
rays, and to Alexis Carrel, for his
uchievement in keeping animal tissues
alive when separated from the body.

Few American scientists arc more
highly esteemed in Europe than Michel-
son. Ile has received a long list of
bhonors from foreign scientific bodies. in-
cluding the coveted Copley Medal of the
Royal Society of London.

Hle was born in 1852, entered the
United States Navy in 1873, and served
a5 an officer. Tls became an instructor
in physics al the Naval Academy in 1875,
Since then he has held many university
positions, and he has been head of the
department of physies at the University
of Chicago since 1892

A very interesting personal fact about
Professor Michelson is that in spite of
liis sixty-three years and his tremendous
scientific labors he is a very fine athlete,
Indeed, he helieves that he would not
have been ahle to do his scientific work
s0 efficiently If he had not kept in con-
stant physical training, i

ile is a particularly good tennis plaver
and comparatively few of the younger
men at the university can beal him at
that game,

The Flying Auto of the French

UITE the most remarkable feature
denling with the transporiation of
aen, arms and supplies in the pres

ent war is the rapld movement of whole
army corps, made possible by the use of
automobiles and motor Lrinecks.
five to ten miles a day was considered {hi
marching average of an army diviston
Now, with the ald of these self-propelling
vehicles, comple'e units of the Freneh,
British and German fizhting forces are
moved at nearly that vate per hour,
Military experts agree that if, with only
the old transporting ' facilities, it would
take three years to fight out the difference
between the nations now at war, Lord
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Formerly .

Kitchener's estimate of one year is reason.
able, largely on account of the extent 1o
whijs' Grotor vehicles are being used.

celinary rubber tires, however, refuse
_a grip snow-covered roads, as is the case
also with roads a few Inches deep with
sand,

The sandy road problem has heen solved
by French manufacturers, who have sup-
plied the French army in Moroceo with
“Nying autog,"” and it is suggested that the
same device may apply in the case of
roads covered with snow, Instead of de-
pending upun the grip of ihe driving
wheels to send their motor cars over the
sands of the Morocean desert, French army

Army

officers have their vehicles equpped with
uir propellers, like those of aeroplanes and
hydroplanes,

The propeller is mounted on a structure
erected upon the rear of the chassis. Power
Is transmitted from the motor shaft to the
nropeller by a chain belt in such a way
that the propeller can be used either inde-
pendently or in conjunction with the driv-
ing wheels, Using the propeller alone
these cars are sald to be capable of a specd
of fifty miles an ‘hour. over the desert, or
over the sandiest roads, [t s assumed that !
an ordinary fall of snow would be no more -
difflcult for these *“‘flving autos” {0 nego-
tlate than so much sand.




